Abstract-Today, social networking has become a popular web activity, with a large amount of information created by millions of people every day. In this paper, we focus on Sina Weibo, a rapidly growing microblogging platform, which provides a large amount, diversity and varying quality of content. Our research is from a regional perspective, and focus on the information propagation process. By measuring the real behavior of the user's blog sharing, we construct the network model of information follow and forward. We found that a small group of nodes can cover the most of the communication behavior of the information propagation. Then, we proposed a new method to rank the users, and proposed an evaluation based on real measurement coverage. Compared to similar algorithms to verify its effectiveness and accuracy.
I. INTRODUCTION
The emergence of Microblogging platform Twitter, which was founded in 2006 as a symbol, according to the statistics, Twitter now has nearly 200 million users who are using 18 languages and coming from more than 120 countries in the world. China's most famous Microblogging platform namely Sina Weibo, Tencent Microblog, Sohu Microblog, Netease microblog also have got a explosive growth since then. The microblog, a new channel for the propagation of public topic, has become one of the most important self-expression, information obtaining and social practices. In the special social ecosystem of microblog, there are a relatively small group of noteworthy users, they have high reputation and influence. This part of the users plays a key role in guiding public opinion, disseminating information, forming topics, specifically the presence of a great amount of followers, and the characteristics of the broader propagation of information. They've got higher prestige and influence in the social network. To find the distribution characteristics and patterns and accurately discover these key users, is important for us to understand mechanisms underlying the formation of social topics and public feelings, the micro-effects and the social-effects made by the user behavior in the microblogging platform ,and is helpful to the guidance of the public opinion. This paper focuses on the Sina Weibo information propagation sample data capturing from a local network within a targeted university for a research purpose. Sina Weibo is currently China's most influential social networking site. It has a high popularity and access rate in the campus. Microblog users within the area of university have got many typical features, such as highly active, intensively crowded and high frequency of information exchange. We're trying to restore the actual process of the information propagation through an effective measurement and analysis upon the Microblog user information propagation network behavior data within the campus. Using this empirical and quantitative approach, we can study the propagation influence issues of the users within a targeted local region, and identify the key users of this region.
II. RELATED RESEARCH
In recent years, a large number of domestic and foreign experts and scholars have studied on the user's propagation influence of microblog. Foreign research generally divided into three categories: First, by the measuring data. Such as Shaozhi Ye in [1] . He measured by means of the network to get the count of the user's followers, and the count of users who have forwarding or commenting the feeds to determine the user's authority level. However, this approach is relatively simple and does not consider the information propagation process and the interaction between the users, such as the following fact: the quality of the retweets or comments on the feed directly affects the quality and frequency of the propagation speed and range. Second, some scholars have proposed classic assessment algorithms such as PageRank, which was using to rank the importance of web pages. Haewoon Kwak extended the PR algorithm, he fully considered the interactions between users, and ultimately determine the user's influence [2] . Furthermore, Jiangshu Wang fully considered the different effects of different content or topic, proposed a content-based TwitterRank algorithm [3] . The study shows that common users involved in a specific topic will obtain bigger influence. The third is the spread and proliferation of user influence [4] , [5] . Upon two mainstream basis, the IC and IR model simulation environment, Masahiro studied the user node's propagation influence. He used greedy algorithm to simulate the propagation process of the nodes, which represent users, finally he brilliantly coverts the user influence evaluation issue to a network node selection issue.
The main work and contributions of this paper is: 1) Microblog users use "follow" to build their social networks, this will be referred to as "following network". The propagation of information on Weibo is mainly through forwarding behavior, which will be referred to as "forwarding network". This paper will
Algorithms and Analysis of Identifying Regional Key Users of Microblog Liang Zhang, Dan Liu, and Xu Shi study both the networks, compare their similarities and differences, find the forwarding network and identify the characteristics of the propagational key users in it by measuring a real network data sample. 2) Based on the core idea of the PageRank algorithm, with fully consideration the user's propagation willingness, we proposed MicroblogRegionalRank(MBRRank) as a new ranking system to evaluate the users propagation influence, and proved the effectiveness of the algorithm by the statistical data of measured samples.
III. NETWORK MODELING AND MEASUREMENT
Microblogging communication between users is based on a "following and followed" mechanism [6] , which is different from the traditional social networks such as Facebook and Renren. Microblog users can follow another user without permission at any time they want, and this will make him (her) a "fan" of the user he (she) follow. Fans can obtain the be-followed user's information and any posts. This mechanism allows users to subscribe to another user's information in the most straightforward way. This fairly simple method greatly reduce the threshold for information propagation. It makes the information spreading explosively rapid.
The depth and breadth of the information propagation is not only depends on the individual's authority, the potential influence of the information itself, but also depends on the number of the followers, and the followers' followers' propagation influence. So the followers' quantity and quality, the individual's propagation influence and the willingness to spread the information is the key factor in determining efficiency of the information propagation. Information propagation structure is as shown in Fig. 2 , the black nodes represent users outside the local area, while the white ones represent users inside it. In this paper we considered only the white nodes within the region. The characteristics of black nodes are temporarily without the scope. This paper's research scope is the information propagation process, so we divided the Microblog user information propagation network into two specific network: following network and forwarding network. Traditional research paid more attention to the following network, because it is relatively represents more the natural relationships between human beings. But from our perspective, the forwarding network is the real information propagation network. It has abandoned the unnecessary interference of unwanted information, and can reflect the propagation process more accurately. So the study on the forwarding network can help us find the information propagation pattern more accurately, while the study on the following network is a valuable comparison. Related network models are defined as follows:
A. Following Network
Following Network is the interpersonal relationships formed by the user action "follow". Theoretically all the information published by user will be read by all his (her) followers. Following Network model describes the relationship of the user and the follower, and is the abstraction of interpersonal relationship in microblogging network.
B. Forwarding Network
Forwarding network is based upon the Following network. The user's post will only be forwarded by a small amount of followers, this constructs the information propagation process. Within an observation time window, multiple forwarding streams overlays together, this formed the forwarding network. In the forwarding network model, there is an edge between users if and if when the information forwarding relationship is presence.
IV. DATA ACQUISITION AND ANALYSIS
The data of this research is captured from the real local network of a Chinese university. It contains all the Sina Weibo users within the local area. Students from university are highly active, intensively crowded, and have got a very high frequency of information exchange. The features of the information propagation in such area are very noteworthy. To analyze users within the area, we must firstly identify which are the region's fixed users. To solve this problem, we established a mirror machine at the core router of the campus local network, with which we captured all the campus users who had logged into the Sina Weibo platform. Our research focused on the social network structure and the interactions between users. We cared nothing about the users' private data or the content of their posts. In the data, all the information related to the specific user, is replaced by an abstract ID, all the associated timestamps are replaced by sequenced numbers. We identified a user as a campus Sina Weibo user only if at least two times of login behavior via the campus network is detected. And then the user was included in the scope of monitoring for further research. Through continuous network traffic monitoring, the information propagation route could be outlined. Since the scope of monitoring is only within a campus area, if the information is coming from an external node, the path starts from the first campus node and ends with the last campus node, and could be called a complete propagation path. If it is original information, the propagation path start from the creator node, ends with the last campus node. If the same information comes back to the area, we consider it as a new path. In this research we captured the data from 1 May 2013 to 31 May, and observed the information propagation behaviors. The statistical data is shown in Table I: The statistics show that the region has almost 8,000 active users who posted 1.28 microblog per day during the monitoring period. Users from this region have a strong willingness to use Sina Weibo for information sharing. It is noteworthy that the original posts rate is 35.25%, which shows that campus users are active at both creating and propagating information. The overall user groups in university is relatively young, they have characteristics such as active thinking, positive showing, and strong willing to share, and These characteristics may be the reason. At the same time we noticed that users who have forwarding behavior is about 28.97% of all users within the region, which indicating that the propagation of information actually benefited from a relatively small group of users. Most users who are only browsing the information, belong to the "silent spectators".
To take a quantitative analysis upon the regional user's microblogging behaviors, we measured and analyzed both the following network and the forwarding network. According to the previously described, there are great differences between these two fundamentally different models. Measured data for the two network model is shown in Table II: V. KEY USER IDENTIFICATION ALGORITHM Microblog user's propagation influence is affected by many factors. For example, the amount of his (her) followers, the amount of users he (she) followed, whether the account is certified as a "VIP" user, as well as the microblog itself on quality, freshness, and many other factors. Meanwhile the user's activity, frequency of logging, publishing or sharing information are also important. This paper based on PageRank algorithm, considering the willingness of the user's interaction level, proposed MBRRank algorithm to accurately assess the propagation influence of each node.
A. Algorithm Description
Given a weighted directed network G = (V, E, W), nodes V, edges E, edge weight W. Edge weight W ij of node i and node j represents the influence of node i to node j. In this paper, the edge weights W ij is represented by History Forwarding Ratio Rt (i, j). History Forwarding Ratio refers to the proportion that within all the be-forwarded counts that node i have how much node j shares. Defined as (1): ( , ) 1 ( , ) ( ) 1
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Rtc (i, j) is the count of node i's posts that node j have ever forwarded. Obviously, if a node forwarded node i's post ever often, it will have a much more probability to forward node i's future posts. SC (j) is the count of all the forwarding made by node j during the monitoring period. Eq. (1) is the normalization of the user history forwarding statistics.
In order to measure the importance of neighbor i to j, this paper proposed the concept of Close Ratio of Nodes. Close Ratio is defined as the ratio of the History Forwarding Ratio of node j to node i and the sum of all the History Forwarding Ratio of nod j to the node that it have ever forwarded. In physical, it represent node i's importance for node j in all the interactions between all the neighbors of node j. Close Ratio C (i, j) is defined as (2):
From the definition of C (i, j) we can see that, it take user's willingness to forwarding and the degree of interactions with others into consideration.
The famous Page Rank algorithm [7] is a classic algorithm that measures the degree of importance of the network nodes. Reference [1] and [3] both used this algorithm method to evaluate the microblog user's influence, and proved the effectiveness of the algorithm. The core idea of PageRank is that the PR value of each node is based on the amount of backlinks. The PR value of each node depends on all the neighbors' contributions. We apply the core idea of Page Rank algorithm to the information propagation influence assessment on microblogging network and proposed MBRRank (MR) algorithm to evaluate the influence of each node, which defined as (3):
is the MBRRank value of node i; B i is the set of nodes that pointing to nodes i; C(i, j) is the scale factor that meaning how much node j contributes its influence to node i. We use the Close Ratio defined above as this factor; d is the damping coefficient, it can be set at (0, 1). In this paper we set it to 0.87. We set the initial MBRRank value of all the nodes to 0.1, by the iteration converges, we can get all the users' MBRRank values.
B. Algorithm Comparison
To evaluate the recognition accuracy of MBRRank algorithm, we take the following three kinds of commonly used assessment methods [8] as comparisons,
1) The amount to be-forwarded (Retweets): This is the amount of the user's be-forwarded posts.
2) The number of fans (Followers): This is the amount of all the user's followers.
3) The traditional PageRank algorithm (Global PageRank):
Take a directly implementation of the standard PageRank algorithm of the full sample data of the forwarding network, using the nodes degree distribution ratio as the influence spreading allocation factor.
C. Evaluation Method
In this paper, the actual influenced user coverage P is used as the evaluation indicator of user's ability of information propagation. This data is calculated by the measurement upon the count of users really influenced by the user's microblog posts within a targeted area. We summarized the count of users influenced by each post to get the final result of a user's information propagation influence. Notably, if a post is forwarded several times during propagation to user j, we counted only once. The P is defined as (4):
Mc is the amount of users who were influenced by user i's j-th post; M is the total amount of nodes within the area. If a post is forward several times in the process of information propagation, all the passing nodes are counted in the scope of influence of this post.
D. Result and Analysis
In order to take further comparison and analysis of the algorithms on the evaluation indicator -the real influenced user identification accuracy, we implemented all the comparison algorithms mentioned above to get all the users' influence rank, and then compared the Top k% users' influenced-user-coverage sequence to the sequence of the actual influenced-user-coverage, analyzed the relative relationship between the sequences. The result is shown in Fig. 3 : Through the analysis of the data in Fig. 3 , we found that Top n% users identified by MBRRank algorithm has a significantly higher coverage than other algorithms. This indicates that after the introduction of propagation willingness and degree of interactions between nodes through the Close Rate of Nodes, it can effectively approximate the user's actual propagation influence. We also found that the "PageRank" sequence and the "followers" sequence have a very similar coverage, this indicates that if the accuracy is not a noteworthy consideration, the count of followers can basically reflect the user's propagation influence. Finally we found that the "retweets" sequence has the worst effectiveness, which also confirms the research in [8] . User who has a big amount of be-forwarded posts does not necessarily means a great propagational influenced user. As can be seen from the figure, the top 20% of the users' influence is almost covering 80% of user, which meet people's everyday understanding of the 20/80 distribution.
VI. CONCLUSION AND FUTURE WORK
In this paper we took Sina Weibo as an example, targeted in a particular area of a campus as a typical object of study, measured and analyzed the information propagation process between users, established following network model and forwarding network model. Through the comparison of measurements we found that the information propagation behavior is always driven by a small group of key users who are less than 10% of the users within the area. Then we proposed a MBRRank method to quantitatively assess each user's propagation influence. This algorithm considers both propagation willingness and degree of interactions between nodes. And finally through a measured results contrast on information propagation coverage as the evaluation indicators, we proved its effectiveness and accuracy. Subsequently, we'll study on the relationships between the individual user influence and the popular topics, consider more influencing factors in the information propagation process modeling, try to model and forecast breadth and depth of the information propagation.
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